Hypothesizing that assembly of mites diverges between sampling periods, our goal was to verify the relative influence of day and night time, climatic parameters and seasonality on the metacommunities of mites associated with Genipa americana L. in Brazil, and on the foraging behaviour of the most abundant predator and phytophagous species. Seasonal variation was a key parameter in metacommunity structure and population dynamics. In contrast, day and night periods and climatic factors had a low importance for most of the response variables, apart from richness that was negatively influenced by temperature. Concerning the population dynamics, time period plays an important role in predator species, but not in phytophagous species. Our results showed that phytophagous mites remain on leaves during both periods, whereas predators seemed to have partitioned their habitat, since some species had a tendency to forage on leaves during the day, while others forage at night. Our finding can be an indicative of behavioural response to intraguild predation or competition. In terms of metacommunity structure and dynamics, sampling period seemed not to affect species composition since we recorded higher turnover rates among trees than between periods in a same tree.
Introduction
Studies of community ecology during the day and night have been conducted on various groups of arthropods, and showed differences in the community structure between the two periods (Hassan and Rashid 1997; Basset et al. 2003) . Day and night periods may harbour a similar composition of arthropod species; however, foraging activity or a particular behaviour may be more pronounced in one of the periods (Novotny et al. 1999; Saigusa et al. 2000) . For example, Novotny et al. (1999) found that the behaviour of different species of ants is directed by the time of day, since Tapinoma melanocephalum (Fabricius) was more active during the day, whereas Crematogaster sp. presented preference for foraging at night.
As different groups of arthropods may have contrasting behaviour between periods of the day and night (Pinto-Leite and Rocha 2012), it is plausible to hypothesize that groups of mites also diverge in some aspects between day and night. Thus, knowledge about mite species composition, abundance and diversity would be refined. Moreover, comparison between diurnal and nocturnal mite communities may elucidate their distribution patterns. Onzo et al. (2003) studied the relationship between phytophagous and predatory mites, and noticed that the predatory mite, Typhlodromalus aripo De Leon was more abundant in the apex of cassava plants during the day and move out to the young leaves at night. In contrast, the phytophagous mite, Mononychellus tanajoa (Bondar) was not found in the apex of the plant, but only on older leaves. Thus, research that focuses the results obtained during diurnal and nocturnal sampling of fauna becomes necessary, due to the lack of knowledge on the influence of time period on community structure.
Our survey was conducted in metacommunities of mites associated with specimens of the Brazilian genipap (Genipa americana L., Rubiaceae) that served as the study model. In this case, we assumed that each site works as a metacommunity, with trees acting as local assemblages. G. americana is a late successional tree species, originated from Central America and distributed in tropical regions (Francis 1993) , including throughout Brazil (Carvalho et al. 2004) . Despite its wide distribution in the Neotropics, there are few studies of the mite fauna associated with this plant species (Castro and Vieira 2011; Rezende and Lofego 2011) . The genipap leaves do not present differential resources or attractive structures for the mites, such as trichomes, extrafloral nectaries or domatia (Valeri et al. 2003) , which in turn could mediate a more intrinsic interaction among them (Romero and Benson 2005) .
Thus, considering that assembly of mites tend to vary along day and night periods and maybe constitute apart communities, our goal was to verify the relative influence of the time period on some aspects of metacommunities of mites. Besides that, we investigated the related importance of the time period in conjunction with climatic parameters, and seasonality on the foraging behaviour of the most abundant predator and phytophagous species found on G. americana.
Materials and methods

Study area
The research was conducted from July 2012 to June 2013 at three sites in São José do Rio Preto municipality. The first site was located at the "Instituto de Biociências, Letras e Ciências Exatas" of Universidade Estadual Paulista, UNESP (Arboretum: 20°47ʹ14ʺS, 49°21ʹ37ʺW). The other two were located at the "Bosque Municipal" in São José do Rio Preto, SP (Forest Grove 1: 20°4 6ʹ46ʺS, 49°21ʹ15ʺW and Forest Grove 2: 20°46ʹ32ʺS, 49°21ʹ12ʺW). The Arboretum covered about 1000 m 2 and was located 2 km away from the "Bosque Municipal". Forest Grove 1 and Forest Grove 2, with about 55,000 m 2 and 75,000 m 2 , respectively, were located in the "Bosque Municipal" and separated from each other by two large ponds and a bamboo forest that acted as a windbreak. The sampling sites were not exposed to artificial illumination at night-time, and did not differ in terms of environmental, soil or climatic condition.
The local vegetation was considered a seasonal semideciduous forest, being a remaining area of the primary forest of the region, now in the secondary succession due to anthropogenic changes (SMA/IF 2005). Forest Grove 1 had dense vegetation, with jointed branches of the emergent trees, the understory was somewhat dark and saplings and grasses composed the grass layer. Furthermore, this area was located in the highest region of the site. Forest Grove 2 had relatively open vegetation; the emergent trees were scattered, joined by climbers. Moreover, this area was located in the lowest level of the site (Iturralde and Trueba 2001) . The Arboretum presented similar vegetation characteristics described for Forest Groove 2. The region's annual mean temperature ranged between 22°C and 23°C with a well-defined rainy season between October and March. Moreover, this region has a pronounced dry season between April and September, when only 15% of the total annual rainfall of 1100 mm (±225 mm) occurs (Barcha and Arid 1971) .
Samplings and mite identification
Samplings were carried out monthly in mature trees of G. americana at the three sites, from which seven trees were selected and marked, totalling 21 trees. Each site was assumed as a distinct metacommunity, with trees acting as local assemblages with hundreds of patches (leaves) that were habitat for the mites. In each tree, 10 leaves were randomly collected around the crown, whose diameter averaged 25 cm. The areas were always sampled in the same order: Arboretum, Forest Grove 1 and Forest Grove 2. The diurnal samplings began at around 8 am in the Arboretum, 9 am in Forest Grove 1 and 10 am in Forest Grove 2, whereas nocturnal samplings began at around 9 pm in the Arboretum, 10 pm in Forest Grove 1 and 11 pm in Forest Grove 2. No severe climatic conditions (i.e. storm and strong winds) were noticed between the diurnal and nocturnal samplings on the same day. Relative humidity and temperature were recorded in the plots, during collection of the samples, using a digital thermohygrometer at 1.50 m high close to each tree, usually on a shaded spot.
Leaves were placed in plastic bags and taken to the "Laboratório de Acarologia", at UNESP, São José do Rio Preto, where they were stored in the refrigerator at about 10°C for up to 1 week for sorting. During this period, the material was examined under a stereoscope and all mites found on both sides of the leaves, except Oribatida, were mounted on microscope slides with Hoyer's medium (Moraes and Flechtmann 2008) and subsequently counted. The oribatid mites were removed with a bristle brush and stored in microtubes with 70% ethanol. Identification of mites was performed from adult specimens due to the difficulty of secure identification of immature mites.
Mites were identified to the species level whenever possible, although occasionally they were categorized as morphospecies, following classification proposed by Krantz and Walter (2009) . Identification of oribatid mites was done by whitening with lactic acid. Firstly, part of the alcohol in the tubes was removed and 4-5 drops of lactic acid were added. Then, the tubes were kept for 5-6 days in an oven at about 55°C to optimize the whitening process. The specimens were identified under a phase-contrast microscope using the identification keys of Balogh and Balogh (1988 , 1990 , 1992 and Norton and Behan-Pelletier (2009) , supplemented by descriptions of the species. The classification system used was Subías (2015) .
Data analyses
Analyses were performed considering data values sorted by trees and month. Metacommunity structure analyses were carried out based on the following variables: observed richness, total abundance, phytophagous and non-phytophagous abundance, species turnover (beta diversity) and species composition. For the latter, we first performed an analysis of similarity (ANOSIM), using the function "anosim" available in the package vegan, based on Sorensen matrix distance, with an associated R-value. Moreover, considering the spatial metacommunity turnover, we estimated the mean rate (±SE) of species substitution between periods for each tree, and the mean turnover rates among trees (local scale) and among metacommunities (regional scale). This way, if the mean rate of species substitution between periods was superior to the mean turnover within the metacommunity, we assume that day and night species represent different communities of mites. The tests were performed based on Sorensen's index estimated for the communities with all species included, and, secondarily, for the communities without rare species (singletons), but the results did not differ.
For the remaining community attributes, we used a generalized linear mixed model (GLMM) to investigate the importance of underlying factors over each dependent variable, that is, observed richness, total abundance, and phytophagous and non-phytophagous abundance. Thus, we elaborated five alternative models that corresponded to different hypothesis a priori, that considered the relative importance and interaction of time period (day and night) with climate (temperature and relative humidity), and seasonality (months), over each response variable (Table 1) . Relative humidity was considered a pretending variable and removed from the models due to the increase of noise in the analysis, so the models that had this variable included seemed penalized towards others (Anderson 2008) . Considering spatial autocorrelation, the variable "site" was taken as a random effect and included in all models (Zuur et al. 2009 ), nonetheless we also assumed the Poisson distribution of the error (Bolker et al. 2009 ) due to the count response variables.
For each alternative model, we calculated the Akaike information criterion (AIC) (Akaike 1974) using the function ICtab available in the package bbmle (Bolker 2008) . We also estimated the difference between the AIC of each model and the lowest AIC value (ΔAIC i = AIC i  AIC min ), therefore the best model has ΔAIC = 0. We estimated the relative weight of each model (wAIC), which represents the likelihood that a given model is the best within a set of concurrent models (Johnson and Omland 2004) . Models with ΔAIC ≤ 2 and wAIC ≥ 0.10 were considered plausible to explain the observed data (Burnham and Anderson 2002) . Taking into account the best models, we also tested their terms for significance a posteriori. All calculations were performed using the programme R version 3.2.0 (R Core Team 2015).
To investigate if day periods could differentially influence the foraging behaviour of mite species, we examined the annual fluctuation of most abundant species of predators and phytophagous mites and tested them for the set of explanatory variables. As performed for community attributes, we carried out GLMM analysis in order to investigate the underpinning factors influencing the seasonal variation in the abundance of these species. Therefore, we considered the previous models (Table 1) to test the strength of our hypothesis on the most abundant species. For model selection, we followed the methodology applied for community structure variables, which consisted in the comparison of AIC and wAIC values of each model, and a significance test for the terms. 
Results
Metacommunity analysis
A total of 17,749 mites were recorded on Brazilian genipap leaves, of which 10,117 came from daytime samples and 7632 from night-time samples. From this total, 13,763 corresponded to mature mites belonging to 59 species from 24 families (Appendix). In general terms, we found that most of the evaluated metacommunity parameters were mainly influenced by seasonality and time period. In the diurnal period, we recorded a slightly higher richness and abundance per tree (Table 2) . Otherwise, species composition remained similar in both periods (R = −0.036 and p = 0.887), even whether the composition of phytophagous and non-phytophagous mites were analysed independently. Similarly, species turnover between daytime and night-time was bounded between 20% and 35%, whereas mean turnover among trees in the sites (local scale) varied between 30% and 45%, reaching 60% among metacommunities (regional scale) (Figure 1) . Investigating species richness, we noticed that besides the slight influence of period, its variation was also driven by seasonality and secondarily by temperature. Period and seasonality comprise the factors of the most parsimonious fitted model (M3), but the secondary model (M1), which included temperature, may be also considered due to its low ΔAIC value (Table 3 ). In this way, we found that temperature had a negative influence over richness, with fitted values of each period differing in the slope and intercept (Figure 2A) . Moreover, species richness varied on a monthly basis, with maximum mean of six species per tree in August, and minimum of two from October to December.
Underlying processes driving total mite abundance may be limited to seasonality and period (M3), since in the secondary model (M1) temperature did not show any influence over abundance. Thus, similarly to species richness, the peak of mite abundance was observed in September and the lowest values in January. Decoupling the abundance of phytophagous and nonphytophagous species from the total, we observed that month (M4), representing the annual seasonality was the main driver of phytophagous abundance, whereas M1 (full model) had the best fitting values for non-phytophagous. In this case, the temperature had distinct effects on the abundance, being null during the day and negative at night ( Figure 2B ). Nonetheless, we noticed a strong effect of period on non-phytophagous mites, but not on phytophagous (Table 3) .
Population dynamics
Regarding the most abundant species according to their feeding habitat, the predatory mites, such as Euseius citrifolius Denmark & Muma and E. concordis (Chant) had a higher mean abundance during the day (F 1,190 = 17.727, p < 0.001, and F 1,176 = 7.095, p = 0.008, respectively), whereas Agistemus floridanus Gonzalez were largely sampled overnight (F 1,120 = 4.085, p = 0.04) (Table 2, Figure 3 ). Testing the possible effect of the whole set of explanatory variables over the abundance of each species, models including time period and month or their interaction were mostly selected against others. So for E. citrifolius and E. concordis, the model selected was M3 (month and day period), meanwhile, for A. floridanus, the selected model was M4 (month), but was closely similar to M3 (month and period) ( Table 4 ).
The phytophagous species Brevipalpus phoenicis (Geijskes) was not affected by period, and its abundance on the leaves did not vary between day and night samplings (F 1,145 = 0.429, p = 0.513) (Table 2, Figure 3 ). Thus, from the model selection, we assumed that the seasonal variation, indicated by model M4, was the main factor driving the abundance throughout the year (Table 4 ). Furthermore, none of the climatic parameters were important for this species.
Discussion
In summary, we can highlight that time period plays an important role, particularly on the abundance of some predator species populations. However, in terms of metacommunity structure and dynamics, day and night periods seemed not to affect species composition. Complementary to this, seasonal variation was a key parameter in all best-fitting models, regardless of whether it was a community or population analysis. Climatic factors had a low importance for most response variables evaluated, except for richness that was negatively influenced by temperature, and the abundance of non-phytophagous species which were negatively affected at night. Our results show that, in plant leaves, mite richness can be somewhat superior in day time period. Thus, despite the small difference between periods, there may be a true tendency for a higher number of species to forage on the leaves during the day and this may not be due to a sampling artefact. For ground hunter spiders (Pinto-Leite and Rocha 2012), it was shown that a greater number of species forages at night with a significant composition difference (Costello and Daane 2005) . Laboratory experiments have detected behavioural variations in the predatory mites Neoseiulus cucumeris (Oudemans) at distinct periods, that is, their preference to forage on different parts of the plant according to the light incidence (Weintraub et al. 2007) .
Considering the effect of climatic factors, we could track a negative influence of temperature on the species richness, suggesting that many species may avoid foraging on the leaves in warmer temperatures (30-32°C) . Under these conditions, we assume they may look for refuges or shelter that could provide a more suitable microclimate in contrast with the leaves, which are usually hotter and drier (Onzo et al. 2003 (Onzo et al. , 2010 . Similarly, higher temperatures also have limited the abundance of nonphytophagous mites on the leaves.
The low level of species substitution between day and night periods suggest that the same mite species can be found on a given tree regardless of time period, being part of the same species pool. Notwithstanding, small differences in the species composition between day and night can be due to the sampling bias because different leaves were sampled in each collection event, and also because the samplings were focused only on the mites found on the leaves and petiole, disregarding those on the branches and other parts of the plants. In our study, spatial distance must be considered the most important driver of species turnover, since we noticed a noteworthy increase in the turnover rates accordingly to the increase of spatial scale: from periods (at the tree level), throughout the metacommunity (at the site level), up to the regional level (among sites).
The major influence of the day period was observed at the population level, particularly on the most abundant nonphytophagous species, E. citrifolius, E. concordis and A. floridanus. These mites are assumed active search foragers, found in diverse parts of the plant beyond the leaves (branches, gems and flowers) (Bernstein 1983; Onzo et al. 2003) . They have generalist feeding habits, which include pollen, mites, insect eggs and occasionally fungi in their diet (Vis et al. 2006; McMurtry et al. 2013) . Apparently, E. concordis, just like E. citrifolius, were easily found in diurnal samplings while the opposite was observed for A. floridanus, pointing out that different species can have distinct preferences in foraging time. So, it is possible that the Euseius species and A. floridanus avoid one another by foraging at different periods on the same habitat, which may have been induced by intraguild predation risk (Schausberger and Croft 2000) . Another hypothesis is that predatory mites can be attracted by herbivore-induced volatiles (HIPVs) released by the leaves (Nachappa et al. 2007 ) during the phytophagous feeding process at day (Maeda et al. 2000) . In contrast, a counterevidence of Yano and Osakabe (2009) revealed that the HIPVs attraction is not as effective in field experiment as it was in the Y-tube in laboratory. Considering that populations of phytophagous mites were not so abundant on the leaves, we believe that HIPV may have had a secondary importance in the abundance of predatory mites. Likewise, it is more plausible that the differential foraging activity and higher abundance of predatory mites during the day were a behavioural response to microclimate conditions, resource availability and predation risk in spite of HIPVs attraction.
Studies on the dispersion of predatory mites reported that females of Phytoseiulus persimilis Athias-Henriot, Typhlodromus hibisci Chant and T. limonicus Garman & McGregor could move up to 70 m/day searching for food and to avoid heat stress (Chant and Fleschner 1960; Sabelis 1981; Bernstein 1983) . These results point out that phytoseiid species can migrate long distances searching for food, shelter or more suitable environments. In an opposite way, phytophagous mites remain on the leaf throughout the time and become more susceptible to predation and weather effects; nonetheless, to compensate this, they have a high fertility rate and/or short time generations (Krantz and Lindquist 1979) .
Similarly, seasonality was another parameter underlying the dynamics of E. citrifolius. In agreement with Daud and Feres (2005) , the greatest abundance of this species throughout the year was recorded in the month of flowering of the host plant species. The pollen supply could be a key resource for Euseius populations, since it is cited as an important item in the diet of species of this genus (Furtado and Moraes 1998; McMurtry et al. 2013) .
The abundances of phytophagous species during day and at night showed no differences, unlike that observed for some predators. Considering that B. phoenicis is a mite species that shows small mobility and thus the colonization of adjacent leaves is rare (Oomen 1982) , it suggests that populations of this species do not move in the Brazilian genipap over the periods of the day. As the seasonality was the main predictor for this species, differences in B. phoenicis abundance over the months may be either regulated by physiological changes on genipap leaves, since it is a senescent plant with seasonal replacement of the leaves (Parecis-Silva, pers. inf.) and changes in the climatic conditions throughout the year.
Our results showed that daily periodicity seems not to affect mite species composition like other arthropod groups, for example. However, a major number of mite species were related to daytime only, indicating a preference to this period and/or climatic parameter associated. Specifically, the day period configure an important aspect that guild and populations seems to take into account when they forage. Our implications suggest different behavioural patterns among phytophagous and predatory mites, but at the same time an interdependence that regulates their ecological aspects. Apparently, the phytophagous mites remain all the time on the leaves that also provide their food sources and habitat, whereas the predators seemed to have partitioned the habitat, that is, E. citrifolius and E. concordis have a tendency to forage on leaves more frequently during the day, while A. floridanus forage at night. In conclusion, daily periodicity did affect neither species composition nor the metacommunity structure, whereas it had differential effects on the population dynamics of predatory and phytophagous mites. In terms of climatic parameters, milder temperatures have promoted the species diversity as well density of non-phytophagous mites. Apparently, the circadian cycle did not affect abundance of phytophagous mites on the leaves, which remain steady on both periods. In contrast, it seems to drive number of predators found on the leaves, whose species indicate a tendency for habitat partitioning, that is, E. citrifolius and E. concordis have a tendency to forage on leaves more frequently during the day, while A. floridanus forage at night.
